The experiment was aimed at assessing the response of three alfalfa (Medicajo sativa L.) varieties viz., Giza 1, Al-hasawi and Siwa 1 under two salinity levels during 2012 and 2013 growing seasons. The statistical analysis revealed significant differences among varieties for various traits associated with salt tolerance under salinity stress. Regarding to stress tolerance index, the results confirm that Al-hasawi cv. and Siwa 1 cv. were found to be more tolerant of salinity than Giza 1 cv. According to correlation and path analysis, proline and chlorophyll content recorded the highest positive direct effect on dry weight per plant (1.135 and 0.693 respectively,). At biochemical level, analysis of soluble protein by SDS-PAGE revealed that percentage of polymorphic and monomorphic were 75 and 25 respectively. Also, the molecular weights of some salt responsive proteins (16.4, 29.5, 33.9 and 37 kDa) are necessary to select the tolerant varieties under salinity stress in alfalfa plant.
Introduction
A biotic stress is the prime cause of decreasing in main agricultural products throughout worldwide (Valliy & Ngvyen, 2006) . On the basis of their tolerance to salt, plant species can be subdivided into four groups, namely (1) salt tolerant, (2) moderately salt tolerant, (3) moderately salt sensitive and (4) salt sensitive (Katerji et al., 2003) . Alfalfa is moderately sensitive to salt levels in irrigation water and soil (Mass & Hoffman, 1977) , but its great genetic variability (Julier et al., 2000; Wang et al., 2011) may be useful to select the most salt tolerant genotypes among and within the varieties. The success of appropriate selection techniques depends on the ability to exploit this variability. Salt tolerance is achieved due to the control of salt movement into and through the plant. Salt-specific effects on growth are seen only after long periods of time (Munns et al., 2000) . Analysis of alfalfa growth has shown that it responds to an onset of water stress by a reduction in shoot and root elongation (Carter & Sheafer, 1983a) . Also, Brown and Tanner (1983) found the reduced leaf area, inter-node length and proline content is also known to play a vital role in plant drought tolerance and its levels are considerably increased in plants under water deficit stress.
In the field experiments, stress tolerance parameters, based on yield reduction under stress conditions in comparison to non-stress conditions are generally used to identify stress tolerant genotypes (Mitra, 2001) . The relative yield performance of genotypes in drought stressed and more appropriate environments seems to be a common beginning point in identification of traits related to drought tolerance and selection of genotypes for use in breeding for dry environments (Clarke et al., 1992) . In the same manner, to reveal traits having an influence on a final trait, path analysis is commonly used as reported Popovic et al. (2006) on alfalfa. The path coefficient analysis provides information on internal relation among the investigated characteristics, as well as their effect on certain trait. The path coefficient is a standardized partial regression coefficient that measures the direct effect of one trait upon another and permits the separation of a correlation coefficient into components of direct and indirect effects (Board et al., 1997) . Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE is most economical simple and extensively used biochemical technique for analysis of genetic structure of germplasm (Lqbal et al., 2005) . The expression of some of enzymes and proteins will be affected by growth stage of alfalfa plant (Platt, 2003) .
Material and Methods
In order to study the effect of salinity stress on three cultivars of alfalfa (Medicajo sativa L.) which include two local (Giza 1 and Siwa 1) and another one cultivar from abroad (Al-hasawi cultivar).This investigation was carried out in Ras-Sudr Research Station according to Desert Research Center, Egypt during 2012 and 2013 seasons. Two wells were used and irrigation water samples were collected during two years (2012 and 2013) to assess it as shown in Table 1 . Means of ten plants samples of each experimental unit were removed above the surface of the soil for 5 cm. The yield of studied cultivars was estimated by measuring biomass accumulation of aerial part (shoot and leaves as fresh weight) under two salinity levels. All of studied traits measured per plant and mean of four turns in different times (two harvest for each year) represented in the second and third cutting during both 2012 and 2013 seasons.
The traits which were measured included:
Plant height (cm), Fresh forage weight (g), Dry weight (g), (dried at 74 o C per 48 hours). Chlorophyll was measured using chlorophyll Meter SPAD-502 (MINOLTA C., LTD JAPAN 78923067). Proline content was also determined as part of the salt tolerance screening of alfalfa varieties. Free proline content (μmol/g fresh weight) in leaves was determined according to the methods of Bates et al. (1973) .
Regarding, dry weight and proline content (as a proportion) data were transformed by arcsin before analysis of variance
Stress Tolerance Index
Six different sensitivity index suggested as stress tolerance indicators and were calculated for dry weight per plant of the tested cultivars under low salinity stress (Yl) and high salinity stress (Yh) conditions as follows:
(1) Harmonic mean (HM) (Kristin et al., 1997) : HM = 2(Yl × Yh) (Yl + Yh); (2) Tolerance index (TOL) and mean productivity (MP) as performed by Rosielle and Hamblin (1981) , where TOL = Yl -Yh and MP = (Yl + Yh)/2; (3) Susceptibility stress index (SSI) (Fisher & Maurer, 1978) : SSI = 1 -(Yh/Yl)/SI, where, SI = 1 -(Ŷh/Ŷl) = stress intensity and Ŷs and Ŷn are the means of all genotypes under stress and non stress conditions, respectively; (4) Geometric mean productivity (GMP) and stress tolerance index (STI) (Fernandez, 1992; Kristin et al., 1997) :
Experimental Design and Statistical Analysis
This experiment was carried out in a split-plot design with three replication where, two salinity levels were in the main plots (as factor a) whereas, the three tested varieties were in the sub-plots (as factor b). Data of the two seasons combined after homogeneity of variance estimation using Bartlett test according to Gomez and Gomez (1984) . Analysis of variance was performed on the data and significant differences among tested cultivars means under two salinity levels were calculated by Duncan's multiple range test (F0.05).
Correlation and Path Coefficient Analysis
The estimates of simple correlation coefficients were computed among all studied characters according to Steel and Tori (1981) . Path coefficient analysis was used as determined by Dewey and Lu (1959) to partition the correlation coefficients and to determine the direct and indirect effects of studied characters on dry weight per plant.
SDS-Protein Electrophoresis
Samples were taken from each tested cultivar under the two salinity levels to extract protein (SDS-PAGE). The leaves were powdered separately by liquid nitrogen; during the experiments the powders were separately kept in cold -70 °C, to time Extraction. Cultivars leaf protein were extracted by extraction buffer (Tris-HCL, pH = 8.5; NP-40, 2%; PMSF, 1 mM and EDTA, 1 mM) (Kakaei, 2009) . SDS-PAGE method in resolving gel with 12.5% acryl amid and stacking gel 5% acrylamide was applied for extraction and resolving of these genotypes. At end of electrophoresis, protein bands were revealed by Coomassie Brilliant Blue R-250 staining and destined by methanol and acetic acid for 3 hours. Dissociating Polyacrylamide gel electrophoresis (SDS-PAGE) was adopted after Laemmli (Murphy et al., 1990) .
Results

Analysis of Variance for Studied Traits
Statistical analysis presented in Table 2 show that, the most of means values of studied traits were significant. The presence of significant differences between salinity levels for studied traits means that varieties varied in their performance during two growing seasons. These results suggested that the comparison between varieties could be made in order to determine the best performing varieties. Assessment of means performance data of alfalfa accessions for studied traits under two salinity levels (interaction between salinity levels and tested cultivars) are presented in Figure 1 . Considerable variation for salinity tolerance was observed among the three cultivars used. Generally, the increase in NaCl concentrations decreased all traits of all tested cultivars. All cultivars responded in same manner to salinity stress. However, the intensity of stress varied with the cultivars. All studied traits were significantly reduced as salinity concentration increased except proline content which record higher values with high salinity level (as tolerance feature). For the variance among used cultivars under two salinity levels trended the same direction of all traits except proline content trait which was non-significant. In the same manner, Al-hasawi cultivar recorded the higher values of chlorophyll content and also Siwa 1 cultivar record the higher values of plant height and fresh weight while, Giza 1 cultivar recorded the lowest values for all significant traits as sensitive cultivar while the interaction between two salinity levels and tested cultivars was significant for all traits (Table 2 and Figure 1 ). Regarding to dry weight trait, the interaction between two salinity levels and tested cultivars (S x V) seems that siwa cultivar prefer to grown under low salinity level while Al-hasawi cultivar under high salinity level (Figure 1 ). Note. V1: Giza 1 variety; V2: Al-hasawi variety; V3: Siwa 1 variety; Means, for each column above the chart, followed by similar letter are not significantly different at the 5% probability level.
Stress Tolerance Index
In Table 3 , tolerance indicators were calculated on the basis of dry yield per plant of cultivars under two salinity levels (Y low salinity and Y high salinity) overall two seasons. The estimates of tolerance indices attributes ( Table 3 ) refereed to that the determination of salinity-tolerant cultivars based on a single criterion was not consistent. In this context, according to mean productivity (MP) and tolerance index (TOL) and stress susceptibility index (SSI) Al-hasawi cultivar was recorded the lower values (the most of tolerance ) while, the Giza 1 cultivar was recorded the higher values (the lowest tolerance cultivar). On the other hand, according to, geometric mean productivity (GMP), stress tolerance index (STI) and harmonic mean (HM) the desirable salinity tolerant cultivars (the higher values) were recorded of Al-hasawi followed by Siwa 1 while, Giza 1 was the least tolerant cultivar (Table 3 ). According to, previous results can divide the three tested cultivars under low and high salinity stress conditions for dry weight yield per plant as follow: (a) The highest cultivar to tolerance presented by Al-hasawi cultivar (b) High cultivar to tolerance presented by Siwa 1 cultivar (c) The lowest cultivar to tolerance presented by Giza 1 cultivar. 
Simple Correlation and Path Coefficient Analysis
Correlation studies between characters are very important in plant breeding for indirect selection and have also been of great value in the determination of the most effective breeding procedures. The results of correlation between the traits in Table 4 show that, both plant height and dry weight traits have the highest correlation with fresh weight (91 and 89 percent respectively), while, proline trait showed the lowest correlation with dry weight. We can process the data by the path-coefficient analysis which enabled the partitioning of the direct and indirect effects of used traits on dry weight per plant as selection criteria in alfalfa plant breeding. Path coefficient analysis was conducted by considering dry weight-related traits as predictor variables as the response variable. This method allowed separation of the correlation coefficients with components of direct and indirect effects (Table 5 ).
Moderately high positive direct effect of chlorophyll content was important contributor (0.693) and it also contributes indirectly and positively on dry weight per plant through plant height and fresh weight (0.454, 0.287 respectively). While, the indirect negative effect was contributed through proline content (-0.976). Positive direct effect of chlorophyll content suggests that direct selection for this trait for dry weight per plant would be effective. According to path analysis, proline content had highest positive direct effect on dry weight per plant (1.135) but it was contributed through the other traits by negative indirect effects. However, the deleterious negative indirect effect was neutralized by its positive direct effect of proline content on dry weight per plant under salinity stress (Table 5) . 
Biochemical Genetic Studies for Salt Tolerance
Data of SDS-PAGE for protein in leaves was carried out of three alfalfa varieties tested under two salinity levels and illustrated in Figure 2 and Table 6 . Protein bands with different molecular weights were detected under Ras-Sudr region conditions at Sinai and ranging from about 7 bands to 14 bands. In the same manner, the bands with different molecular weights were detected under two salinity level and ranging from 10.4 kDa to 120 kDa. Based on previous results (salinity tolerance index) it seems that Al-hasawi and Siwa 1 cultivars have greater tolerance than Giza 1 cultivar to severe salinity stress. Also, the same trend of both tolerant cultivars recorded the same positive molecular weights (29.5, 33.9, 37 and 60.2 kDa) compare with sensitive cultivar under two salinity levels. Figure 2. SDS-protein banding pattern in leaves of three alfalfa cultivars under two salinity levels Note. PM: protein marker; 1, 2: Giza 1 under low and high salinity levels; 3, 4: Al-hasawi under low and high salinity levels; 5, 6: Siwa 1 under low and high salinity levels respectively.
There were four monomorphic bands (common bands) with molecular weights ranging from 10.4 kDa to 63 kDa and the remainders were polymorphic bands with a percentage of 75% (Table 7) . Bolymorphic bands with molecular weights (29.5, 33.9, 37 and 60.2 kDa) negatively differentiate for sensitive variety (Giza 1). Such specific bands could be used to distinguish the salt tolerant alfalfa varieties others (Al-hasawi and Siwa 1). 
Discussion
Plant growth is one of the most important agricultural parameters of salt stress tolerance as indicated by different studies (Voigt et al., 2009) . Our data showed that salt treatment negatively affected plant growth by the reduction of the most traits with significant differences between the used alfalfa varieties (Table 2 and Figure 1 ).
The reduction of alfalfa growth following NaCl addition has been widely argued in the literature (Torabi & Halim, 2010; Farissi et al., 2011) . Studies performed on other species, under saline conditions, show that the growth inhibition is due to a nutrient uptake alteration (Sibole et al., 2003; Mohammadi et al., 2008) or to a toxic Na and Cl intra-cellular concentration occurring in the stressed plants (Sannazzaro et al., 2007) . On the other hand, with increasing NaCl concentration (Figure 1) , the proline content recorded in shoots of all varieties significantly increased as many researches have already reported (Petrusa & Winicov, 1997; Chelli-Chaabouni et al., 2010; Torabi & Halim, 2010) . This increase led us to think that proline was involved in salt tolerance and osmotic adjustment, protecting the plants against the induced salt damages (Szabados & Savouré, 2010) .
Genotypes with low drought susceptibility index (DSI) values (less than 1) can be considered drought resistant (Bruckner & Frohberg, 1987) , because they exhibited smaller yield reductions under water stress compared with well-watered conditions than the mean of all genotypes. The present study of stress tolerance index under salinity stress conditions in Table 3 are going the same trend of previous studies. In the same manner, Petcu et al. (2014) reported that selection for twenty four genotypes based on drought susceptibility index (DSI) may provide a more desirable criterion for improving drought resistance in alfalfa (Medicago sativa L.). Also, Golabadi et al. (2006) found that STI, MP, and GMP are superior indices for selecting high yield durum wheat genotypes both under moisture stress and non-stress field environments. Pourdad (2008) reported that STI was the best index to identify superior cultivated safflower genotypes in conditions both with and without drought www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; stress. In the same manner, Talebi et al. (2009) reported that cultivars producing high yield in both drought and well watered conditions can be identified by STI, GMP and MP values. Pireivatlou et al. (2010) was also noted that STI can be a reliable index for selecting high yielding genotypes. There are many reports concerning the correlation between salt protein levels and the level of salinity tolerance using the physiological parameters such as photochemical efficiency of photosynthesis and net photosynthesis rate (Theerakulpisut et al., 2004) . Moreover, Na + /K + ratio and chlorophyll content can be used as an indication of the stress tolerance capacity in rice and used for screening salt-tolerant lines of rice (Kong-Ngern et al., 2001) . In the present work, path coefficient analysis showed that both chlorophyll and proline content participated to the osmotic adjustment in plants exposed to the salt stress through dry weight (Table 5 ). In general, different studies reported that chlorophyll content is one of the most important traits in the water deficit states (Poormohammad Kiani et al., 2008) .
Results showed that the protein electrophoresis under salinity stress conditions as important indicator for evaluate alfalfa varieties (Figure 2 and Table 6 ). Many of the previous studies have confirmed that, plants species may change their response to salt stress by alter their gene expression and protein accumulation to reduce the effects of salt stress. Adaptation of plants to saline conditions may be due to some salt-related changes in the pattern of gene(s) expression. So, salinity-induced changes in protein have been reported in several plant species (Winicov et al., 1989; Jain et al., 1993) . Indeed, protein electrophoresis is one of the methods for determinate genetic diversity in plants and banding pattern and grouping genotypes in both normal and drought conditions were different (Kakaei et al., 2010) .
Conclusion
The data presented here revealed that, the salinity tolerance indicators (stress susceptibility index) confirm that, the highest cultivar to tolerance presented by Al-hasawi cultivar and high cultivar to tolerance presented by Siwa 1 cultivar while the lowest cultivar to tolerance presented by Giza 1 cultivar. Furthermore, path coefficient analysis showed that, proline and chlorophyll content traits are very important and should be given high weightage in any selection process aimed at improving dry weight per plant in alfalfa plant under salinity stress. Moreover, this investigation reported that some molecular weights of some salt responsive proteins are necessary to further investigate the structural and functional roles of this salt stress. Genetic differences among studied cultivars have probably originated through geographical isolation or by genetic drift and selection in different environments. So, the degree of geographical separation and the degree of genotypes relationship, as far as it is known, can be used as indicators of genetic diversity depending on some parameters which play important role in any breeding program.
